The value of using otolith chemistry to characterize recruitment in terms of natal source regions depends on how consistently spatio-temporal variation can be resolved. The objective of this study was to compare regional classification patterns in the otolith chemistry of juvenile Spotted Seatrout (Cynoscion nebulosus) between two years experiencing disparate hydrological regimes, and separated by a five year interlude. Spatial patterns in the whole-otolith chemistry of juveniles of this estuarine-dependent species were compared between years using five otolith elements and two stable isotopes. Consistent size-related trends in uptake and deposition were evidenced by parallel ontogenetic relationships for six otolith variables. Nine natal regions were discerned equally well in both years; and region accounted for similar overall amounts of variation in the seven otolith variables in both years. However, the otolith variables did not distinguish the nine regions in the same manner in both years, and natal regions varied in how similar they were in otolith chemistry between years. Consequently, between-year cross-classification accuracy varied widely among regions, and geographic distance per se was unimportant for explaining regional patterns in otolith chemistry. Salinity correlated significantly with regional patterns in otolith chemistry in 2001, but not at all in 2006 when conditions were much drier. Regional patterns in individual otolith variables reflected either a general trend based on hydrology, a regional-local effect whereby geographically closer regions exhibited similar otolith chemistry, or a location-specific effect for which there was either no correlation in otolith concentration among regions between years, or a significant but individualistic relationship. In addition to elucidating limitations of using otolith chemistry to identify natal source regions or for tracking fish movements, knowing more about how and why otolith chemistry varies could be used to address specific questions about early recruitment dynamics, or to aid in the development of more reliable instruments for discerning natal source contributions.
INTRODUCTION
The deposition of trace elements and isotopes into the crystalline lattice of otoliths is irreversible, and thus forms permanent records of environmental conditions [1, 2] . Consequently otolith chemistry offers an insightful tool for discerning natal source contributions to stock structure [3] [4] [5] [6] [7] [8] as long as chemical signatures of otoliths create natural records of conditions within source areas [9, 10] . However, potential masking of regional patterns by different sources of variability needs to be better understood to reach the full potential of this approach. In addition to extrinsic changes in water chemistry [11] [12] [13] and physical conditions [2, 14] , intrinsic sources of variation in otolith chemistry include mechanisms associated with physiology [15] and ontogenetic changes in diet [16] and metabolism [17, 18] .
Resulting spatio-temporal variation in otolith chemistry also reflects numerous mediating factors [12] . Clear spatial patterns in otolith chemistry exist at spatial scales as fine as 10 km [2, 19] . However, the spatio-temporal scales on which *Address correspondence to this author at the Department of Coastal Sciences, The University of Southern Mississippi, 703 East Beach Drive, Ocean Springs, Mississippi 39564, USA; Tel: +1 228-872-4284; Fax: +1 228-872-4204; E-mail: chet.rakocinski@usm.edu spatial patterns are repeatable vary among studies [20] . Such variability often reflects the influence of changes in water chemistry as evidenced by a salinity gradient [8, 21] . The efficacy of otolith chemistry for characterizing stock structure in terms of natal source contributions depends on the reliable discrimination of source regions [21] [22] [23] , and also requires recognizing temporal limitations on those patterns [2, 7, 15, 20] .
Inter-annual spatial patterns in otolith chemistry often reflect underlying differences in water chemistry [22] [23] [24] [25] as subject to temporal hydrological effects [20, 26, 27] . Variable physical conditions, including salinity [11] , water temperature [21] , and oxidation reactions [28] regulate the availability of elements for otolith deposition. Consequently, the discrimination of natal source regions can be confounded in different years [29] . More studies need to examine how otolith chemical fingerprints vary relative to such influences on otolith variables.
Many otolith chemistry studies have been conducted within highly variable estuarine ecosystems. Using otolith chemistry to diagnose stock structure influenced by dynamic conditions confers both advantages and disadvantages. One advantage is that mixing of fluvial and oceanic water masses generates spatial heterogeneity in estuarine water chemistry, which facilitates the spatial resolution of natal source regions [21, 30] . Conversely, spatial patterns in otolith chemistry may vary at different temporal scales, spanning from seasonal to inter-annual to decadal [1, 2, 18, 29, 31] .
The estuarine-dependent sciaenid, Spotted Seatrout (Cynoscion nebulosus) [32] , is a heavily exploited game fish in Mississippi [33] . Because juvenile Spotted Seatrout reside in shallow shoreline and vegetated habitats for several months after settling [34] , their otoliths retain discernable chemical signatures indicative of regional nursery conditions [25, 35, 36] . Freshwater discharge from seven rivers facilitates the detection of natal source regions on a spatial scale of ca. 25 km along the 117 km coastline of Mississippi [36] . An equally fine spatial scale of resolution has been shown for Spotted Seatrout in Chesapeake Bay, and inter-annual differences in otolith chemistry have been shown on both the US Atlantic [37] , and the Texas gulf coasts [25] for this species.
Objectives
The goal of this study was to compare regional patterns in the otolith chemistry of juvenile Spotted Seatrout between two years exemplifying disparate hydrological regimes. The following specific objectives were addressed: (1) were regional patterns the same between years?; (2) did regional patterns reflect geographic distances and/or differences in salinity?; (3) could fish be accurately cross-classified between years?; (4) how did the otolith variables correspond with between-year differences in regional patterns and crossclassification?
MATERIALS AND METHODS

Field Collection
Juvenile Spotted Seatrout were collected from 37 standard shoreline sites representing discrete nursery habitats widely dispersed throughout nine designated natal regions spanning from Grand Bay, Alabama to the Louisiana marshes, east of the Mississippi River [36] . The nine natal regions encompassed major physio-geographic features potentially contributing to Spotted Seatrout stock structure in Mississippi: Grand Bay (three sites), Horn Island (two sites), Biloxi Bay (five sites), Cat Island (three sites), St. Louis Bay (three sites), the Louisiana Marshes (three sites), the Chandeleur Islands (two sites), and the mouths of the Pascagoula (seven sites) and Pearl Rivers (nine sites). Specimens were aggregated at the regional level for analysis, and most of the same sites were sampled in both years. An effort was made to obtain a balanced data set in which every region was represented by between 22-24 specimens, thus some additional sites were required in 2006 to obtain adequate sample sizes. Only nine specimens were collected from the Pascagoula River in 2001 and 11 from Saint Louis Bay in 2006. Collections were made using a 15.2 m bag seine with 3.17 mm mesh. Specimens were returned to the laboratory on ice, frozen, and later thawed and measured prior to removing their otoliths.
Otolith Chemistry
Detailed otolith chemistry methods are presented in Comyns et al. 2008 [36] . Sagittal otoliths were removed from both sides of fish with acid-washed teflon-coated forceps, rinsed with ultrapure (Milli-Q) water, and stored in sterile 24-well cell culture clusters. In a Class 100 clean room equipped with a laminar flow bench, otoliths were individually placed into pre-weighed ( g), acid-washed, microcentrifuge tubes using acid-washed teflon forceps. Centrifuge tubes were filled with 0.001 N re-distilled nitric acid using a metal-free polyetheylene pipette tip that had been triplerinsed with 0.1 N re-distilled nitric acid and triple-rinsed with Milli-Q water. Otoliths were washed with dilute acid to remove any residual contaminants (metal ions) from the otolith surfaces. After one to two min, acid was removed from the centrifuge tubes with a clean pipette tip, otoliths were triple-rinsed with Milli-Q water, and air-dried in the laminar flow bench for 24 h. Centrifuge tubes containing cleaned otoliths were re-weighed to obtain otolith weights ( g).
Otoliths from the left side were dissolved in a measured quantity of 0.1 N re-distilled nitric acid calculated to produce a final dissolved Ca concentration of 5 mM. Elemental analyses of whole-otolith solutions were performed using a ThermoFisher Element-2 sector field-inductively coupled plasma-mass spectrometer (ICP-MS) at the University of Southern Mississippi -Department of Marine Science. Calibration was achieved using external standards which were 5 mM in Ca. Five trace elements (Ba, Li, Mg, Mn and Sr) were measured at medium resolution on the ICP-MS. Samples were analyzed in random order to preclude confounding with any effects of instrument drift [3] . To minimize analytical error due to day-to-day and long-term changes in instrumental operating conditions, standards were matrix-matched to the dissolved otolith samples; that is, the samples and standards were all 5 mM (+/-10%) in dissolved calcium. Additionally, a known quantity of In was added to all standards and samples as an internal standard to make preliminary adjustments for instrument drift and sensitivity changes. A high standard and a blank were run after every nine samples to correct for calibration drift and to check detection limits. In addition, a standard that was used for the analysis of the 2001otoliths was preserved and re-run during the analysis of the 2006 otoliths. When calibrated using the standards for the 2006 analyses (and corrected for any evaporation using the known In spike), the old standard yielded results within 10% of its original concentrations. The molar concentrations of different elements were standardized to the number of calcium ions within otoliths and expressed as ratios to the molar concentration of Ca.
Otoliths from the right side were analyzed for stable isotope ratios of 13 C and 18 O. Otoliths were powdered with an agate mortar and pestle rinsed with Milli-Q water. Two mortars and pestles were alternately used and dried under a heat lamp. Powdered otoliths were transferred to acid-washed microcentrifuge tubes. Samples were pretreated by heating in vacuo at 75 o C for 0.5 h, and analyzed on a Micromass Optima isotope ratio mass spectrometer at the University of California, Davis, USA. Carbon dioxide from each sample was generated by acidification with phosphoric acid in a heated (90 o C) common acid bath. The resultant gas was purified and introduced into the mass spectrometer inlet system and compared against a standard reference gas of known isotopic value. Values of 13 C and 18 O were calculated against Vienna PeeDee Belemnite (VPDB). Mean precision was (1 sigma) ± 0.04 per mille for 13 C and ± 0.06 per mille for 18 O.
Data Analysis
Normalization and Ontogenetic Standardization
Upon noting regionally heterogeneous variance using Levene's test in SPSS, the likely existence of regional differences in otolith weight as a covariate in 2001 and 2006 was tested with the sum of squares permutation based on Euclidian distances procedure (Q b -EUD) [38] , using MUL-TIV v. 2.4 [39] . The probability associated with a resultant Q b value as conveyed by the pseudo F-ratio does not require equal variance among groups.
To facilitate elucidation of regional patterns, otolith variables were standardized relative to year and otolith weight. Trace elements (concentrations relative to Ca) were log 10 transformed to stabilize and normalize variances in regressions against log 10 otolith weight. Stable isotope values were not transformed, as they are typically used directly for otolith studies [40] [41] [42] . One-sample Kolmogorov-Smirnov (K-S) tests for both stable isotopes failed to reject the null hypothesis of a normal distribution for all 18 year-by-region subsets (P = 0.097 -0.997). Otolith variables exhibiting significant ontogenetic relationships were standardized using ANCOVA models which included Year as the main factor and log 10 Otolith Weight as the covariate; with the preliminary inclusion of the Year Otolith Weight interaction term to test the homogeneity of slopes assumption, which passed for all variables. If the main factor and covariate were significant, ANCOVA residuals for each year provided standardized values for further analysis. If the covariate was nonsignificant and the main factor significant, standardized zscores for each year from a one-way ANOVA provided standardized values. Where variance was heterogeneous, between-year significance was confirmed using the BrownForsythe and Welch methods in SPSS (version 18.0; www.01.ibm.com/software/analytics/spss). All otolith variables were standardized as z-scores prior to multivariate analyses of regional patterns.
Multivariate Analyses
Because variances in otolith variables were often heterogeneous among regions (i.e., significant Levene's tests within ANOVAs), overall significance of regional differences was determined with the sum of squares permutation based on Euclidian distances procedure (Q b -EUD) [38] , using MULTIV v. 2.4 [39] .
Discriminant Function Analyses (DFAs) were conducted separately for each year (i.e., separate-year models), as well as for data pooled across both years (i.e., global model; excluding the Year factor; sensu Brown, 2006) [43] within SPSS (version 18.0; www.01.ibm.com/software/analytics/spss). DFAs included the seven otolith variables, and the lack of relatively small log determinants indicated that all regional groups could be retained in the DFAs [44] . The separate group covariance classification option in SPSS was chosen, which is comparable to performing a Quadratic DFA when the number of predictors (i.e., seven) does not exceed the number of groups minus one (i.e., eight) (IBM SPSS: http://www-01.ibm.com/ support/ docview.wss?uid =swg21479748). Priors for DFA classification were weighted proportionately to regional group sizes. Q b -EUD tests [38] confirmed overall regional differences in the seven otolith variables.
Multivariate Distance Patterns
The Penrose Distance metric [45] represented regional differences across the higher dimensionality of the DFAs. Orthogonal DFA axes precluded the necessity for including co-variances; however, the Penrose Distance metric was modified to include a pooled weighted variance rather than assuming equal variances for yearly regional distributions. The inherent higher dimensionality of the Penrose distance matrix was depicted within 2-D space through Nonmetric Multidimensional Scaling (NMDS) using the Primer v6 software package (http://www.primer-e.com/).
For the global DFA model, the between-year interregional configuration was depicted within reduced 2-D NMDS space by standardizing raw Penrose distance values relative to total distances across the seven DFA axes for each region. Next, an interregional resemblance matrix was generated from the standardized inter-annual distance matrix. Groupings of regions based on inter-annual differences in global DFA space were identified using hierarchical cluster analysis of the resemblance matrix based on the group average linkage algorithm. The resulting interregional 2-D NMDS pattern was overlaid with a bubble plot that mirrored inter-annual distances within the global DFA space for each region.
NMDS ordinations also compared interregional configurations between the separate-year DFA models. In addition, NMDS ordinations represented interregional distances based on geographic proximity and salinity in each year. Hierarchical cluster analysis using the group average linkage method identified regional groups within the 2-D NMDS plots. To facilitate visual comparisons of regional configurations, each 2-D NMDS plot was oriented so that the Chandeleur Island region was situated within the upper central portion of the plot.
Correlations between interregional configurations of separate-year Penrose distance matrices in otolith chemistry, as well as between distance matrices representing geographic proximity and salinity were obtained by means of Mantel tests using the zt software tool [46] . The Mantel test uses a randomization procedure to ask whether distances among objects in one matrix are independent of distances for the same set of objects in another matrix, as represented by a different data set. Correlations involving interregional Euclidean distances in salinity tested whether salinity at the time of sampling correlated with regional variation in otolith chemistry in each year. Furthermore, a partial Mantel test examined how much the correlation between separate-year otolith chemistry distance matrices increased after controlling for the effect of geographic distance.
Cross-classification of specimens using classification functions from opposing years determined how consistently regional affinities of fish could be identified between years. Coefficients from Fisher's linear discriminant functions for the separate-year DFA models were used to cross-classify specimens. Predicted regions were assigned based on the highest score from among the DFA functions representing the nine regions.
Between-year regressions involving regional values for the otolith variables revealed how consistently they influenced regional patterns between years. In addition, a Principal Component Analysis (PCA) of the correlation matrix of the seven otolith variables as represented by the 18 year-byregion events revealed how the strengths and directions of associations varied among the otolith variables.
RESULTS
Widely disparate rainfall amounts likely influenced between-year differences in regional otolith chemistry patterns within the study area; mean monthly rainfall was almost twice as high across the coastal counties of Mississippi during the May through September period in 2001 (18.5 cm) than during the same period in 2006 (10.2 cm) (NOAA National Climatic Data Center) (Fig. 1) . Corresponding regional differences in salinity were expressed over a narrower range during sampling in 2006 (from 12.5 to 32.3 psu) than in 2001 (from 5.2 to 32.2 psu). (pseudo F = 1.83; P<0.0001). Although regional differences in otolith weight in 2006 did not specifically match those in 2001 [36] , the extent of regional variation in inferred fish size was comparable in both years.
For the otolith variables Ba, Li, Mg, Mn, 13 C, and 18 O, levels depended on otolith weight as a covariate within ANCOVAs (F = 4.93 -51.90; P = 0.027 -<0.001), for which the Year factor also was significant (F = 7.80 -148.00; P = 0.005 -<0.001). The lack of any between-year differences in slopes relative to otolith weight implied that ontogenetic relationships were parallel for all six variables (Year log 10 Otolith Weight F = 0.01 -3.64; P = 0.057 -0.911). For Sr, the ontogenetic relationship was not significant (F= 0.55; P = 0.459), although the Year factor was significant (F=4.13; P= 0.043). For five otolith variables exhibiting unequal variance between years (F = 4.78 -238.52; P = 0.029 -<0.001), Browne-Forsythe and Welch tests confirmed significant between-year differences (test statistic = 4.11 -141.02; P = 0.043 -<0.001). Standardized residuals from these relationships were used for further analyses of regional patterns.
Multivariate Analyses
Otolith chemistry varied significantly among the nine re- Plots of scores for individual fish within the first two DFA dimensions together with regional centroids showed good separation of the nine regional groups in both years (Fig. 2) . In 2001, the arrangement of regional groupings along DF1 clearly reflected the salinity gradient (Fig. 2a ) [36] . Also, some effect of geographic proximity was apparent within the 2001 DFA plot. However, the 2006 regional configuration within the first two DFA dimensions did not match that of 2001 (Fig. 2b) . In general, the regions were not as well separated within the 2006 DFA plot compared to the 2001 plot.
Multivariate Distance Patterns
Configurations of regions within 2-D NMDS plots derived from higher dimensional Penrose distances represented regional differences across the higher dimensionality of the DFAs (Figs. 2 and 3) . In addition, regional configurations within 2-D NMDS plots of DFAs differed between years as well as within a NMDS plot portraying physical distances among regions. The NMDS plot of physical distances mirrored the geography, including distinct clusters of eastern and western regions, as well as with the Chandeleur Islands standing out as an isolated region (Fig. 3a) . The Chandeleur Island region was similarly isolated within the NMDS plot based on 2001 otolith chemistry (Fig. 3b) . However, regional groupings within the 2001 NMDS plot revealed the inferred salinity gradient better than geographic distance. Regions generally clustered closer together in the 2006 NMDS plot than in the 2001 NMDS plot (Fig. 3c) . Interestingly, the Grand Bay region fell close to the geographically distant Chandeleur Island region within the 2006 NMDS plot, possibly reflecting relatively stable higher salinity regimes. As shown by the coincidence of closer proximities and smaller symbol sizes within the 2-D NMDS overlay plot derived from the global DFA, two clusters representing eastern and western regions were relatively similar in otolith chemistry between years (Fig. 4) . Conversely, peripherally isolated regions represented by larger symbols within the plot were relatively different in otolith chemistry between years. Such distinctive regions included the Pascagoula River in the east as well as several relatively offshore regions in the west.
Cross-Classification
The overall proportion of the 2001 fish (n=197) classified correctly based on the 2001 DFA was 93.9%, and regional accuracy varied from 83.3 to 100%. In contrast, the overall proportion of the 2001 fish classified correctly based on the 2006 DFA was only 51.8%, and cross-classification accuracy varied widely among regions (from 0 to 100%) ( Table 2) . Cross-classification accuracy of 2001 fish was high for Grand Bay, Horn Island, the Pearl River, and the Chandeleur Islands. Fish from Biloxi Bay, Cat Island, and St Louis Bay in 2001 were frequently misclassified into nearby regions; whereas 2001 fish from St Louis Bay and the Louisiana Marshes were frequently misclassified into distant regions. Regions from which fish were misclassified were often adjacent to misclassified regions in 2001 NMDS space (Fig. 3b) .
The overall proportion of the 2006 fish (n=201) classified correctly based on the 2006 DFA was 94.0%, and regional accuracy varied from 63.6 to 100%. In contrast, the overall proportion of the 2006 fish classified correctly based on the 2001 DFA was only 66.2% (Table 2) . Again, crossclassification accuracy varied widely among regions (from 0 to 100%). Cross-classification accuracy of 2006 fish was relatively high for three widely separated regions from which fish were also often correctly classified in the opposing direction, namely Grand Bay, Horn Island, and the Pearl River. Fish from the Pascagoula River, Cat Island, and the Louisiana Marshes in 2006 were frequently misclassified into nearby regions; whereas, 2006 fish from Biloxi Bay and the Chandeleur Islands were frequently misclassified into distant regions. Again, regions into which fish were frequently misclassified were often adjacent to the correct regions in 2006 NMDS space (Fig. 3c) .
Otolith Variables
Classification coefficients from Fisher's linear discriminant functions for the separate-year DFA showed that in 2001, 18 O (six), 13 C (five), Ba (3), Li (two) and Mn (two), most frequently fell among the top two otolith variables affecting classification functions. In 2006, Li (seven), Ba (five), 13 C (three), and 18 O (three) fell most frequently among the top two otolith variables affecting classification functions. Four otolith variables, including 13 C, 18 O, Li, and Ba, most often fell among the top two most influential variables affecting cross-classification success.
Most otolith variables within the PCA of the correlation matrix representing the seven otolith variables for 18 yearby-region values (i.e., n = 18) seemed to follow a hydrological-related pattern, as shown by strong loadings on PCI ( Table 3) . Three variables, including 18 O, 13 C, and Li, were strongly positively correlated with PCI; and Sr was strongly inversely correlated with PCI. Moreover, Sr was uncorrelated among regions between years. Thus, the Sr relationship appeared to be hydrological in 2001; whereas, the Fig. (4) . NMDS overlay plot depicting between-year Penrose distances among regions. Coordinates that are closer are more similar within the global multivariate DFA space representing both years of otolith data. The sizes of the bubbles convey dissimilarity in the regional otolith chemistry (i.e., within region) between years. Ellipses encompass clusters of relatively similar otolith chemistry within western and eastern portions of the study area. (Chndl = Chandeleur; Pascg = Pascagoula; LA = Louisiana; R = River; Isl = Island). Grand Bay 17
Louis. Marshes ------13 spatial pattern for Sr appeared to be location-specific under drier conditions in 2006. Ba and Mg loaded strongly and positively on PCII, and conveyed location-specific patterns in both years. Ba, which correlated in opposing directions on both PCA factors, was significantly correlated among regions between years. Despite its strong loading on PCII, Mg did not correlate significantly among regions between years. Mn was unique in showing a local regional pattern, in addition to correlating significantly between years. In addition, Mn loaded negatively on both PCI and PCII. Between-year slopes of less than one for significant regressions of 2006 on 2001 regions indicated relatively lower concentrations for 18 O, 13 C, and Li in 2006. However, between-year slopes closer to one indicated more similar otolith concentrations for Mn and Ba in both years. Interestingly, between-year regressions among regions were not significant for Mg or Sr; and these two variables were least influential on the regional classification functions.
DISCUSSION
Using otolith chemistry to understand regional source contributions to stock structure requires detailed knowledge about spatial scales over which natal regions can be reliably discerned [2, 47] , as well as the temporal scales over which spatial patterns may vary [1, 29] . Highly dynamic estuarine ecosystems can both help and hinder the utility of otolith chemistry as a means to characterize stock structure. Spatial scales of resolution amenable to otolith chemistry range over an order of magnitude, from 10s [18, 48] to 100s of km [31] . In addition, estuarine fishes often exhibit well-defined spatial and temporal resolution of otolith chemistry [29, 48, 49] . Fine-scale spatial resolution on the order of 25 km was apparent in both years in the present study, despite disparate hydrological regimes. Comyns et al. [36] previously noted fine scale spatial resolution for the Spotted Seatrout based on the 2001 data. Dorval et al. [35] also found a comparable fine scale of spatial resolution of regional natal areas for juvenile Spotted Seatrout on the US east coast. In the present study, the observed fine-scale of spatial resolution of natal regions likely reflects heterogeneity in water chemistry generated by seven watersheds along the 117 km coastline of Mississippi.
Natal regions varied widely in the extent of between-year differences in otolith chemistry in the present study. For some regions, otolith chemistry was relatively similar between years, while for other regions otolith chemistry was very different. Consequently, between-year crossclassification success also varied widely among regions. This dichotomy could not be attributed to particular otolith variables, or to any particular geographic pattern. Moreover, there was no commonality among the three regions from which fish were accurately classified in both directions between years. Swearer et al. [6] stressed that otolith elemental fingerprints do vary temporally in connection to the availability of elements within natal source areas in estuarine systems. Although temporal changes in regional classification accuracy based on otolith chemistry are well documented, few studies consider variation in classification accuracy among contiguous regions. However, Patterson et al. 2008 [10] noted that the detection of certain source regions could be obscured by different ambient conditions between years for Red Snapper (Lutjanus campechanus). Such variability in the extent to which fish can be correctly classified into natal regions implies that any given region may vary in its utility for addressing certain questions.
Variation in salinity is one of the most frequently cited environmental correlates in studies of otolith chemistry [11, 13, 30, 50] . In the present study, the regions were equally discernible in both years despite uncoupling between salinity and otolith chemistry under the drier regime in 2006. A change in the association between otolith chemistry and salinity in different years was also recently noted for juvenile Spotted Seatrout in Texas [25] . Other hydrological factors in addition to salinity can mediate the availability of trace elements within estuarine systems, including suspended particulate matter (SPM), dissolved organic matter (DOM), pH, and fluvial input [28] . In addition to fluvial sources, various biogeochemical processes can also mediate the availability of ambient elements.
In addition to mediating the availability of elements via their ambient concentrations in response to freshwater discharge and mixing, hydrology may interact with a sundry of physical, biogeochemical, or physiological mechanisms of otolith deposition. For example, the deposition of three influential otolith variables which were interrelated in a way to suggest hydrological influences, 18 O, 13 C, and Li, was likely facilitated by different mechanisms. The otolith stable isotope ratios, 18 O and 13 C, are mediated by different biogeochemical mechanisms relative to freshwater discharge. Although 18 O deposits to the otolith matrix directly in proportion to its ambient concentration when at isotopic equilibrium with 16 O, the equilibrium concentration itself depends on the opposing effects of evaporation and precipitation [9] . The balance between evaporation and precipitation determines rates of depletion vs. enrichment of the light vs. heavy oxygen isotopes, respectively [51, 52] . In contrast to 18 O, the availability of 13 C is linked to fluvial discharge by way of dissolved inorganic carbon associated with the input of terrestrial carbon. One consequence of this process is that an alternative route for the fractionation of C isotopes involves physiological mechanisms related to dietary sources of carbon [51, 53] . Except for a positive relationship with fluvial discharge, little is known about how the otolith deposition of Li is mediated [43] ; but otolith Li does seem to be more dependent on ambient conditions than on physiology [15] .
In this study, both Sr and Ba related inversely to discharge, although Sr usually varies directly with salinity [54, 55] . Comyns et al. 2008 [36] offered several explanations for why Sr might vary inversely with salinity in the Spotted Seatrout, including the use of earlier life-stages and possible species-specific differences in Sr uptake mechanisms or metabolic pathways. Typically, Sr serves as a good marker over a broad range of salinity [24] ; whereas, the observed inverse effect occurred across a narrower salinity gradient in the present study. In terms of interspecific variation, Swearer et al. 2003 [6] noted species-specific differences in salinity relationships for Sr and Ba among a suite of estuarine fishes. Moreover, Dorval et al. 2005 [35] noted the lack of a salinity relationship for Sr in Spotted Seatrout on the US East coast. In the present study, the otolith Sr concentration appeared to be uncoupled from salinity in the drier year.
Although the deposition of divalent cations like Sr and Ba within hard parts does reflect their ambient concentrations [6, 48, 56] ; trans-membrane physiological mechanisms also mediate how these cations are taken up and substituted for calcium within the otolith matrix [15, 57] . Such confounding of physiology and ambient condition evoked Sturrock et al. 2014 [15] to question the use of Sr as a marker for tracking fish movements. Perhaps this also explains why Sr did not exhibit an ontogenetic relationship in the present study, in contrast to other studies that have noted an ontogenetic relationship for this element [15] . Indeed, inconsistency in the use of Sr as a marker of salinity induced Kerr and Secor 2012 [52] to suggest that 18 O may be more dependable for tracking fish movements.
The element Ba also related inversely to salinity in the present study; and otolith Ba is regarded as a marker of environmental variability [15] . Unlike Sr, the inverse relationship between Ba and salinity agrees with the literature [53] . However, the between-year relationship in otolith Ba concentration among regions also implied location-specific differences in Ba deposition. Remarkably, the slope of almost one for this relationship indicated much less depletion for Ba in 2006 compared to other otolith elements. This suggests relative independence from the influence of hydrology on this element. Still, Ba helped to distinguish regional affinities in the present study.
Like for Ba, a slope closer to one for the between-year relationship in otolith concentration among regions indicated less depletion for Mn in 2006. Furthermore, the betweenyear correlation in Mn concentration suggested a regionallocal pattern (i.e., proximate coordinates represent regions that are geographically closer). This spatial pattern might reflect biogeochemical controls on this redox sensitive element, which involves the benthic flux of its particulate phase in estuaries [30] . Alternatively, it is also known that diet contributes to organismal Mn levels [15] .
In the present study, the divalent element, Mg, exhibited a unique pattern in that it was neither significantly related among regions between years nor was it strongly related to hydrology. Martin and Thorrold 2005 [58] observed that the relationship of otolith Mg to water concentration was not well established. Furthermore, Patterson et al. 2008 [10] found that otolith Mg was not related to any physical factors, including salinity or temperature, for juvenile Red Snapper in the northern GoM. They further noted that Elsdon and Gillanders 2002 [59] found that otolith Mg correlated with somatic growth, which likely signaled greater metabolic demands for Mg in conjunction with higher growth rates [15] .
In conclusion, it would be misleading to apply an effective DFA using an arbitrary suite of variables from one year to discriminate natal source regions in other years for the important estuarine resident, Spotted Seatrout. To effectively distinguish fish in the present study, it was necessary to develop separate DFAs for each year. Patterson et al. 2008 [10] concluded that otolith chemistry fingerprints reflect a complex web of mechanisms. The present study further reinforces that conclusion for Spotted Seatrout. Moreover, in addition to elucidating limitations of using otolith chemistry to identify natal source regions or for tracking fish movements, knowing more about how and why otolith chemistry varies might be useful for addressing specific questions about early recruitment dynamics, or to aid in the development of more reliable instruments for discerning natal source contributions. In light of findings like ours, it may be feasible to tailor studies to address questions that just involve regions exhibiting consistent otolith chemistry or that only use otolith variables with appropriate attributes.
